Genetic variation within the North African toad Bufo mauritanicus was estimated by sequencing partial 12S rRNA and 16S rRNA mitochondrial regions from widespread populations in Morocco, Algeria and Tunisia. Unlike many other wide ranging species from this area, B. mauritanicus demonstrated very low levels of intraspecific variation. The minimal intraspecific genetic variation may be due to a relatively recent, possibly post-glacial, expansion into its current range. Further phylogeographic studies of other North African species are needed to assess if this is a common biogeographical phenomenon. Phylogenetic analyses support immunological data that B. mauritanicus is part of a clade of predominantly sub-Saharan Bufo, recently assigned to a new genus Amietophrynus. Two different lineages within this clade, B. mauritanicus and the B. pardalis group, appear to have reverted from 20 chromosomes to the more typical 22 chromosomes found in most other Bufonids. However, the alternative hypothesis that the Bufo species with 20 chromosomes form a monophyletic lineage cannot be rejected.
Introduction
Bufo mauritanicus Schlegel, 1841 is a relatively large species of toad, with a broad head and a highly variable pattern of dark patches across the back. It has a wide distribution throughout the Maghreb (Morocco, Algeria and Tunisia), ranging from Mediterranean climatic regions to oases in the Sahara (Schleich et al. 1996) . Despite being a relatively common amphibian across much of this range, very little is known about variation within this species. Such knowledge is important, since several recent studies of the herpetofauna from this region have uncovered extensive diversity at a level that may indicate the presence of cryptic species (Harris et al. 2004a, b; Perera et al. 2007 ). In particular, many species showed deep divergences between populations from Morocco and those from Tunisia, for example Podarcis lizards (Pinho et al. 2006 ) and the amphisbaenian Trogonophis wiegmanni Kaup, 1830 (Mendonça & Harris 2007 ). Among amphibians, B. viridis Laurenti, 1768, with a much larger range, has been shown to be a possible species complex, with North African populations assigned to B. boulengeri Lataste, 1879 by some authors (Stöck et al. 2006) . Other amphibian species such as Hyla meridionalis Boettger, 1874 and Discoglossus pictus Otth, 1837 are both highly genetically variable within Morocco (Recuero et al. 2007; Zangari et al. 2006, respec-tively) . There is therefore a clear need to examine variation within other species from this known biodiversity hotspot.
With this aim we examined genetic diversity from multiple populations of B. mauritanicus, including specimens from Morocco, Algeria and Tunisia, by sequencing parts of the 12S rRNA and 16S rRNA mitochondrial regions. Additionally, the evolutionary relationship of B. mauritanicus relative to other Bufo species is not currently clear. Pauly et al. (2004) inferred a relationship between B. mauritanicus and B. steindachneri Pfeffer, 1893, but this study predominantly assessed nearctic Bufo relationships, and only four African Bufo were included in the analysis. Immunological evidence similarly suggests an association with some sub-Saharan species such as B. rangeri Hewitt, 1935 (Maxson 1981 . This is particularly interesting, as B. rangeri and most of the other members of this clade have 20 chromosomes, while most of the other Bufo species, including B. mauritanicus have 22 chromosomes. Frost et al. (2006) recently erected a new genus, Amietophrynus, to include all African toads with 20 chromosomes. However, due to a lack of evidence Frost et al. (2006) were unable to place B. mauritanicus with any certainty within their taxonomic scheme. To further clarify this, we therefore performed a phylogenetic analysis, including available data from many other Bufo species from previous studies, with emphasis on the 20 chromosome group (Cunningham & Cherry 2004) .
Material and methods
Specimens were captured by hand in the field (Table 1 and Fig. 1 ). A single toe was removed and stored in 96% ethanol. A few specimens were tadpoles, in which case the entire individual was collected. Genomic DNA was extracted following standard high-salt protocols (Sambrook et al. 1989 ). Fragments of the 12S rRNA and 16S rRNA were amplified by PCR following Harris (2001) . Sequences were obtained on an automated sequencer (ABI 310). All new haplotypes were submitted to GenBank (Accession numbers FJ609232 to FJ6093239). Alignment was performed with ClustalW using Bioedit v. 5.0.9. (Hall 1999) , and adjusted manually by hand. Since it was immediately evident that intraspecific variation was very low, sequences were joined in a network (Fig. 2) . For the phylogenetic analysis, sequences were imported into PAUP* 4.0b10 (Swofford 2003) . Only unique haplotypes within B. mauritanicus were included, as well as all available African Bufo species, and various non-African species. We used Maximum Likelihood (ML) and Maximum Parsimony (MP) analysis with random sequence addition (10 replicate heuristic searches) to estimate the evolutionary relationships (Fig. 2) . Support for nodes was estimated using the bootstrap technique (Felsenstein 1985) with 1000 replicates. The AIC criteria carried out in Modeltest 3.06 (Posada & Crandall 1998 ) was used to choose the model of evolution employed in the ML analysis. Bayesian analysis was also implemented using Mr.Bayes v.3.1 (Huelsenbeck & Ronquist 2001) with parameters estimated as part of the analysis and four incrementally heated Markov chains with the default heating values. The analysis was run for 10 6 generations, saving one tree in each 100 generations. The loglikelihood values of the sample point were plotted against the generation time and all the trees prior to reaching stationary were discarded, ensuring that burn-in samples were not retained. Remaining trees were combined in a 50% majority consensus tree, in which frequency of any particular clade represents the posterior probability (Huelsenbeck & Ronquist 2001) .
Results
Seventeen individuals from 11 populations of B. mau- ritanicus were sequenced for both regions of 12S rRNA (359bp) and 16S rRNA (534bp), so that in total 893 bp were compared. A single previously published specimen from Erfoud, Morocco (Pauly et al. 2004 ) was also included. Only four haplotypes were detected. All the individuals from Morocco were identical to the specimen from GenBank, except for one individual from Argana that differed by a single base pair mutation. All the specimens from Tunisia differed from the common Moroccan haplotype by a single mutation, and the two individuals from Algeria differed from this by a further three mutations (Fig. 2) .
For the phylogenetic analysis, 22 individuals from other species as well as the four haplotypes found for B. mauritanicus, were included. The combined length was slightly shorter (860 bp) since some specimens were shorter for the 16S rRNA region from GenBank. The most appropriate model of evolution for this dataset was the general time reversible model, with an estimate of invariable sites and a discrete approximation of the gamma distribution. The ML analysis recovered a single tree (−ln 4235, Fig. 2) . Two MP trees were recovered (153 informative characters, 693 steps). The MP bootstrap consensus tree differed from the ML tree only at nodes with < 50% support (Fig. 2) . Similarly the Bayesian analysis differed from the ML analysis only at weakly supported nodes with < 50% support (Fig. 2) .
Discussion
Most previous phylogeographic studies of North African herpetofauna have uncovered extensive intraspecific variation (e.g., Carranza et al. 2004; Harris et al. 2007; Barata et al. 2008) . The finding of only four closely related haplotypes across such geographically separated populations as those from Morocco and Tunisia is therefore unexpected. Unlike the situation in North Africa, comparative phylogeographic patterns in Europe are relatively well elucidated for the period since the last glacial maxima. In this continent, southern areas acted as "refugia" for many species that could not survive in northern regions (Hewitt 2000) . After the last glacial maxima, as the climate warmed, these species then spread north. Because of this, most genetic diversity is found in the southern regions, while the northern regions are extremely depauperate. This has been demonstrated for many species, for example B. calamita (Laurenti, 1768) (Harris 2001; Rowe et al. 2006) . Although it is clear that the climate in North Africa during the last glacial cycle would have fluctuated less than that in Europe, considerable climatic alterations would still have taken place (Elenga et al. 2000) . This would have had an effect on many species, limiting available habitat in some instances while opening corridors for geographical expansion in others. One explanation for the limited variability found within B. mauritanicus in this area would be that prior to the last glacial cycle the species was not found there. During a favorable cyclic climatic period, B. mauritanicus reached this region of suitable habitat, and then rapidly colonized the whole area. B. mauritanicus does have isolated populations in oases in the Sahara that were not sampled in this study. These could be remnants of the populations that spread into the now much larger range. The phylogenetic relationships of B. mauritanicus are also congruent with such a scenario. Although the data do not indicate clearly the sister taxa to B. mauritanicus, it is well supported as a member of a clade of sub-Saharan toads, indicating that the species probably originated in this more southern region (Fig. 2) . Two other members of this clade, B. regularis Reuss, 1833 and B. xeros Tandy, Tandy, Keith & Duff-MacKay, 1976 , also have isolated populations in the Sahara, in particular in the Hoggar Mountains of southern Algeria (Schleich et al. 1996) . It is reasonable to think that in a wetter period during the last glacial cycle, when the area that is now the Sahara would have been much less inhospitable habitat for Bufo species, B. mauritanicus managed to spread north and then rapidly colonized its current range. The southern populations were then drastically reduced as the climate warmed over the last 10,000 years, and the Sahara desert expanded. In this way the species now mimics those found in Northern Europe that typically show minimal genetic variation even across large geographical areas.
Although B. mauritanicus is well supported as a member of the clade assigned by Frost et al. (2006) to Amietophrynus, relationships within this group are generally poorly supported. The majority of this group have 20 chromosomes, while B. mauritanicus and the B. pardalis lineage (B. pardalis Hewitt, 1935 and B. pantherinus Smith, 1828) have 22 chromosomes, like most other Bufo. The ML and MP estimates of relationships both indicate that they have independently reversed back to 22 chromosomes, as they are neither sister taxa nor basal lineages within the clade. However, constraining the species with 20 chromosomes to be a monophyletic lineage, and comparing this estimate of relationships to the most likely tree using the Shimodaira and Hasegawa test as implemented in PAUP* 4.0b10 indicates that this alternative hypothesis is not significantly worse (ML tree −ln 4235, constrained tree −ln 4248, 1000 RELL bootstraps, P = 0.18). Thus while the best estimates of relationships indicate that there were two independent reversals to the 22 chromosome ancestral state, the alternative hypothesis, that the group with 20 chromosomes is monophyletic, cannot be rejected.
To conclude, B. mauritanicus shows minimal genetic variation across its range, which is compatible with the hypothesis of a recent expansion into this area. It is clearly related to a group of sub-Saharan toads, the majority of which have 20 chromosomes unlike most other Bufo. However, exact relationships within this group cannot be resolved with enough precision to assess if B. mauritanicus and another lineage with 22 chromosomes, B. pardalis group, are embedded within this clade or are a basal lineage to it. Phylogeographic examination of other North African members of this clade, such as B. xeros, and unrelated North African Bufo such as B. brongersmai, while be valuable in developing a comparative phylogeographic framework for the amphibian fauna of this region.
